Hypothermia was introduced by Bigdo\\' in 1950 for use in cardiac surgery. During the following years a considerable amount of research was undertaken and predictions were made of the maximum length of time that the brain could tolerate circulatory arrest \\'ithout damage (Bjork l!W:.?) . The de\'elopnwnt of safe cardiopulmonary bypass systems overcame the necessity for circulatory arrest although a few surgeons have continu~d to use it for cardiac surgen' in older children and adults. The use of heat exchangers in bypass circuib greatly facilitated the control of hypothermia and added to its safet\'. I t allows periods of aortic cross-clamping wllile the brain continues to be pcrfuscd.
In the late lHtiO's the possibilit~, of performing corrective operations for congenital heart ddects in infancy became a practical challenge. The technical' problems were largely associated with the small size of the heart and the interference to access created b\' the cannulae for the cardiopulmonary bypass 'circuit.
Japanese workers re-introduced surface cooling followed In' a short period of bypass cooling, followed by circulatory arrest (Hikasi et al. 1!W7) . This technique was popularized by Barrett-Boyes in Xe\\' Zealand and has been used in :\Ielhourne since I H70 (Brown et al. I H7:.?) .
:\Ianv workers in the field ha\'e recognized that ca:rbol1 dioxide tension is important in the control of cerebral vascular resistance and cerebral blood flow and that hypothermia alters carbon dioxide homeostasis. Solubility of CO 2 ll1creases, arterial PC0 2 declines with an associa ted rise in pH, while metabolic rate and hence CO 2 production also decrease as temperature falls. These changes can be automatically and accuratel\, controlled b\' employillg a computer c~ntrolled feedback system which maintains a constant expired CO 2 (h:c0 2 ) by gradually increasing the inspired CO 2 (F r C0 2 ) during cooling. The availability of this computer control stimulated this study because it was not clear what CO 2 levels were optimal during cooling and different cardiac surgical units used varying regimes for the addition of CO 2 to the inspired gases. \\'ithout accurate control of carbon dioxide tensions the validity of previous studies could be questioned.
This paper reports the first of a series of experiments on hypothermia comparing the influence of different F]-;C0 2 levels-in this case on brain temperature differences.
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METHOD
The study was performed on young dogs. They were anaesthetized with pentobarbitone, intubated and ventilated with oxygen and nitrous oxide. Gallamine was used to prevent shivering and facilitate control of ventilation.
The animals were shorn but kept warm during preparation using an infra-red lamp. An intravenous needle was placed in a forelimb for anaesthetic drugs and femoral arterial and venous lines inserted for pressure monitoring and blood sampling. The scalp was retracted and burr holes made with a dental drill for insertion of brain temperature probes.
Each probe was constructed from an STC type U23S thermistor epoxy mounted in the tip of a 21G needle and leads taken to a resistance compensation network adjusted so that the probe could be used in conjunction with a standard indicating unit. (Correction curves for each probe were also available so that an accuracy of ±0'1 cC was attainable).
Needle probes were inserted at constant sites in the cerebral cortex, deep brain (0·8-1'0 cm) and in the cerebellum. Some brains were examined postmortem to check the placement and determine the degree of tissue trauma which was found to be minimal. Additional thermistor probes (STC type FS-23-glass mounted in stainless steel rods) were inserted into the rectum, oesophagus and nasopharynx.
Measurements of temperatures, blood pressure, heart rate, F EC0 2 , F I C0 2 and acid-base were made every 10 minutes during cooling. Blood pressures were measured using SE Laboratories type 4-8] strain gauge transducers. Expired and inspired CO 2 levels were monitored using a Godart " Capnograph " instrument and further electronic signal processing. Arterial pH, PC0 2 and P0 2 were measured with a Radiometer type BMS3 Mark 2 blood micro system.
The animals were surface cooled with ice packs. Ventilation was maintained under computer control using the system described by Lampard, Brown and Coles (1973) . The dogs were ventilated at 20 breaths per minute and with a constant tidal volume. The inspired gas mixture was controlled to contain 40 per cent oxygen and the level of carbon dioxide adjusted by the computer to hold FBC0 2 at a pre-set percentage. Figure 1 shows the interconnection of computer and ventilation equipment, with special reference to the control of F BC0 2 .
The "Capnograph " signal was processed to yield a measurement of the maximum and minimum endotracheal CO 2 levels. At normo-thermia F g C0 2 exceeds F r C0 2 , so the maximum measure of the" Capnograph " was transmitted to the computer. If F BC0 2 fell below the preset level, the computer increased F rC02 by further opening the CO 2 control valve. The CO 2 absorber was bypassed (or at least partially bypassed) to assist with the build-up of F rC02 as cooling progressed. In some experiments with 12 per cent F EC0 2 it was found at lower temperatures that F r C0 2 exceeded FEC0 2 and therefore it was necessary to switch the computer control from the maximum level of the" Capnograph" signal to the minimum level. Experiments were conducted at F EC0 2 levels of 3, 6, 8, 9 and 12 per cent. During a further four experiments sodium nitroprusside was infused to vasodilate the dogs and in three other experiments ethyl alcohol 10 per cent was infused (4 ml/Kg/hour). An F EC0 2 of six per cent was used in these experiments and compared with the other series of F EC0 2 six per cent experiments acting as controls. 
RESLTLTS
The maximum temperature difference between brain sites (highest to lowest temperature) was calculated at the beginning of cooling, ;3()C, :23°C and :Z3 c C. The greatest and smallest temperature difference between brain sites at any time during cooling was also calculated. The mean of these differences for each set of experiments-:3, 6, H, 9, J:2 per cent FEC0 2 and for the ethyl alcohol and sodium nitropru,;side infusion experiments were calculated. Table 1 1·0 (}9 
:\1ini1l1u1l1 Variation
During Cooling
summarizes these differences and give,; tbe range (in brackeb) encountered in each series. gradient °C on graph) were not reduced by the use of these infusions although cooling was more rapid. Figure 4 shows the relationship between mean P a C0 2 (temperature corrected) and F EC02 for all the experiments summarized in Figure 2 compared with the calculated relationship. The horizontal bars show the highest and lowest mean P a C0 2 for each series of experiments. Figure 2 shows that the brain temperature differences were greatest throughout cooling when F EC0 2 levels were maintained at three per ala cent. The maximum and minimum differences during cooling were also greatest in this group. Brain temperature differences were least in the hypercarbic (8, 9, 12 per cent FEC0 2 ) experiments. The results in the six per cent FEC0 2 experiments (mean corrected Pa,C0 2 40 mm Hg) were within the experimental error (±O ·1 QC) of the hypercarbic experiments except at 30°C and in the maximum variation column (Figure 2) .
DISCUSSION
The findings suggest that carbon dioxide should be added to the inspired gas in an amount sufficient to maintain an F EC0 2 of six per cent or above in order to minimize brain temperature differences during surface cooling.
It was postulated that minimum temperature differences were associated with uniform brain perfusion and that this was maintained by a normal or hypercarbic state. It is proposed to undertake further experiments measuring cerebral blood flow and brain temperatures simultaneously to test this hypothesis.
The addition of carbon dioxide has other advantages during hypothermia including a shift of the oxygen-haemoglobin dissociation curve to the right thus facilitating the release of oxygen to the tissues.
Alcohol and sodium nitroprusside have also been used as adjuncts to cooling in hypothermia (Hewer 1964, Brown et al. ] 973 ). Alcohol appears to have a protective effect against cold exposure and has been shown to lower the cardiac arrest temperature in rats (Wynn 1954). I t speeds up the rate of cooling but not to the same degree as the vasodilator sodium nitroprusside. The influence of these two drugs on brain temperature differences was compared to controls (h.;C0 2 six per cent) in a small series of experiments (Figure 3 ). The temperature differences were similar at ;{OCC but b," :2;),'C the differences were less in the control gr~mp. The sodium nitroprusside group has slighth' smaller differences than the alcohol group. Sodium nitroprus,.;ide therefore allows an increase in the rate of cooling but does not decrease brain temperature differences. Figure 4 shows that the 1'"C0 2 measured and corrected for temperature using the Ro,.;enthal factor (0' 0147 pH rise per °C fall) tended to be lower than the predicted values for each h·;C0 2 .
The I\C0 2 at FJ;C0 2 of 1:2 per cent was much lower than expected and on further anah'sis of the results it has been found that at low temperatures (about :2ti-:27)C) the FIC0 2 which gradually increased during cooling actually exceeded the FI<:C0 2 • When it was realized that this had happened the computer control was switched to respond to F1C0 2 and the P a C0 2 became stable at a Ic\Tl nearer the predicted ,'alue.
The results show that it is not necessan' to use F E C0 2 as high a,; J:2 per cent to Illairltain even brain temperatures and the above finding,.; demonstrate that it becomes more difficult to maintain control at levels exceeding 1 () per cent.
The inspired CO 2 required to maintain a constant F E C0 2 increases with fall in telllpcrature but the rate of change of FrC0 2 neCessar~' would be cxpected to depend on the rate of cooling and on ventilation. being least with low tidal volumes and slow cooling. CONC1XSIOX These experiment;; show that an J7EC0 2 of six per cent or 1110re (PaC02 40 mm Hg or more) maintains more uniform brain temperatures than three per cent F];C0 2 during surface cooling Il\'pothermia and that carbon dioxide should be added to the inspired gases to maintain a corrected PaC02 of -10 mm Hg or more or an F E C0 2 of at least six per cent.
